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A constant antisymmetric 2-tensor can arise in general relativity with spontaneous symmetry
breaking or in field theories formulated in a noncommutative space-time. In this work, the one-
loop contribution of a nonstandard WWγ vertex on the flavor violating quark transition qi → qjγ
is studied in the context of the electroweak Yang-Mills sector extended with a Lorentz-violating
constant 2-tensor. An exact analytical expression for the on shell case is presented. It is found that
the loop amplitude is gauge independent, electromagnetic gauge invariant, and free of ultraviolet
divergences. The dipolar contribution to the b → sγ transition together with the experimental data
on the B → Xsγ decay is used to derive the constraint ΛLV > 1.96 TeV on the Lorentz-violating
scale.
PACS numbers: 13.40.Gp, 14.65.Fy, 11.10.Nx
I. INTRODUCTION
At present, there is interest for studying possible deviations of the Lorentz symmetry, mainly since Kostelecky and
Samuel discovered that certain mechanism in string theory can cause a spontaneous breaking of this symmetry [1].
Some mechanisms of violation of Lorentz symmetry have also been found within the context of quantum gravity [2].
Since these theories have not been sufficiently developed, an effective field theory that contain both the Standard
Model (SM) and gravity has been formulated. This effective theory, for which exists a minimal version without
gravity [3], is called the Standard Model Extension (SME) [4]. Although motivated from specific scenarios in the
context of string theory or general relativity with spontaneous symmetry breaking, the SME is beyond these specific
ideas due to its generality, which is the main advantage of effective field theories. Thus the SME provides us a
powerful tool for investigating Lorentz violation in model-independent manner. Lorentz violation also arises within
the context of field theories formulated in a noncommutative space-time [5]. The idea that the space-time might
be noncommutative at short distances or very high energies has been the subject of renewed interest recently due
to the Seiberg-Witten’s string inspired results [6], which allow one to connect commutative and noncommutative
gauge theories. A method to formulate the noncommutative SM (NCSM) as an effective theory, which is expressed in
powers of the noncommutativity parameter, has been proposed in Refs. [7, 8]. The effective theory that results from
this formulation of field theories is less wide than the SME, as it arises from the specific idea of noncommutativity
of the space-time. Indeed, as it has been shown in Ref. [9], the NCSM is a subset of the SME. Although these
effective theories introduce constant background fields that carry Lorentz indices, they are not Lorentz invariants
under general Lorentz transformations, but only under observer Lorentz transformations. As it has been discussed
in reference [9], there are two distinct classes of Lorentz transformations, namely, the observer and particle Lorentz
transformations. The former class of Lorentz transformations corresponds to a change of coordinates, whereas the
latter can be associated with a change of the measurement apparatus [10].
A violation of Lorentz symmetry would clearly be a dramatic indication of new physics. Since this class of physical
phenomenon could be originated at very high energies, their low-energy manifestation only could be detected in
those processes that are very suppressed or forbidden within the SM. Precision observables constitute also an unique
laboratory to test the standard model (SM). Is the case of the B → Xsγ decay, which is potentially sensitive to new
physics effects and has been measured with good accuracy, showing no deviations from the SM [11]. This means that
this observable may provide stringent constraints on physics beyond the electroweak scale. At the quark level, the
b→ sγ transition contributes to B → Xsγ via a dipolar electromagnetic transition. In the SM, this radiative process
first arises at the one-loop order, but still has a relatively large branching ratio because of the nondecoupling effect
of the top quark loop and the large CKM VtbV
∗
ts factor. The rare b → sγ decay has shown to be very sensitive to
possible new physics effects in diverse scenarios [12]. Its sensitivity to new physics effects has been studied in countless
approaches beyond the SM, as supersymmetric models [13], the two Higgs doublet model [14], left-right symmetric
models [15], technicolor models [16], models with a fourth generation [17], supergravity models [18], the littlest Higgs
2model [19], unparticle interactions [20], 331 models [21], and extra dimensions [22]. In particular, the sensitivity of
this observable to new physics effects via an anomalous WWγ vertex has been investigated by some authors [23–27]
in the context of the effective Lagrangian approach [28]. This effective field theory (which from now on will be called
conventional effective field theory (CEFT) for comparison purposes) differs from both the SME and the NCSM, as
it is formulated under the assumption that it respects simultaneously both the Lorentz and the gauge symmetries.
Below, we will see that there are some interesting differences among the SME, the NCSM, and the CEFT.
In this work, we are interested in investigating the sensitivity of the b → sγ transition to an anomalous WWγ
vertex that can arise, in the context of both the SME and the NCSM, from an electroweak Yang-Mills sector coupled
with a constant antisymmetric 2-tensor bαβ. This constant background field that arises in the context of the NCSM
as measurement of the noncommutativity of the space-time (usually established as [xα, xβ ] = iθαβ [8]) or as a vacuum
expectation value of a tensor field Bαβ [29] in general relativity, has not been still considered in the SME up to
now, as only have been introduced observer invariant interactions of dimension lower than four that not involve
constant objets with two indices. The fact that this constant background field arises naturally in both of these
formulations of Lorentz violation, constitutes an important incentive for studying some of its possible low-energy
manifestations. Another motivation for studying Lorentz violation via this tensor arises from the fact that it can
couples with a dimension-six SUL(2)×UY (1)-invariant operator constructed only with the strength tensor associated
with SUL(2), which, in its Lorentz invariant version, has been the subject of important interest in the literature [23–
27, 30]. On the other hand, as discussed in the context of string theory quantization [6] and in general relativity with
spontaneous symmetry breaking [29], there exists more than a simple analogy between the six bαβ quantities and
the six components of the electromagnetic field tensor Fαβ . For any practical purpose, the dimensionless constant
background fields ei ≡ Λ2LV b0i and bi ≡ (1/2)Λ2LV ǫijkbjk, with ΛLV the new physics scale, play the role of an external
agent that would induce deviations from the SM predictions, which in principle could be observed in future high-energy
experiments.
As mentioned, we will focus on the Yang-Mills part of the effective Lagrangian that characterizes the SME (or
also the NCSM) modified by the presence of an observer invariant that arises from the contraction of bαβ with
a Lorentz 2-tensor that is invariant under the SUL(2) gauge group. This extended Yang-Mills sector generates a
nonrenormalizable WWγ vertex, which differs substantially from the one studied in references [23–27] within the
context of the CEFT [28]. As we will see below, the anomalous WWγ vertex arises in the SME (or in the NCSM)
from a dimension-six operator which is invariant under the SUL(2) gauge group but it is a 2-tensor under the Lorentz
group, whereas in CEFT this operator is invariant under both the gauge group and the Lorentz group. Technically
speaking, this means that only the antisymmetric part in the two Lorentz indices contributes to physical amplitudes
in the SME due to the antisymmetry of bαβ , whereas only the symmetric part contributes in the CEFT, as in this
case the Lorentz invariant operator is obtained through a contraction with the metric tensor gαβ instead of bαβ . This
facts make essentially different our analysis from those presented in references [23–27]. Although our main purpose
in this work is to study the impact of Lorentz violation on the b → sγ decay, we will present exact formulae for
the general on-shell qi → qjγ process. As we will see below, the corresponding vertex functions are independent of
the gauge-fixing procedure used to define the W propagator, electromagnetic gauge invariant, and free of ultraviolet
divergences.
The rest of the paper has been organized as follows. In Sec. II, the extended Yang-Mills sector of the SME or
the NCSM at first order in the background tensor field bαβ is presented and the Feynman rule for the WWγ vertex
is calculated. The differences that present this Lagrangian with respect the one studied in CEFT are discussed.
Sec. III is devoted to calculate the amplitude for the qi → qjγ decay. Special attention is put on some features of
the amplitude, such as gauge independence and electromagnetic gauge invariance, as well as its finite character. In
Sec. IV the contribution of the b→ sγ transition to the B → Xsγ process is calculated and used to determine a lower
bound for the Lorentz violation scale. Finally, in Sec. V the conclusions are presented.
II. THE EFFECTIVE YANG-MILLS LAGRANGIAN
To begin with, we present a brief discussion on the main differences among the SME, the NCS, and the CEFT
formulations of effective field theories. As mentioned in the introduction, the extended electroweak Yang-Mills sector
that we will consider here can arise in both the SME and the NCSM, the latter being a subset of the former [9].
Therefore let us first to compare the NCSM with the CEFT. The NCSM is characterized by an effective Lagrangian
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LNCSM = LSM + θαβ
N6∑
i=1
O(6)i αβ + θαβθµν
N8∑
i=1
O(8)i αβµν + · · · , (1)
where LSM is the usual SM Lagrangian. Here O(6)i αβ , O(8)i αβµν , · · · , are sets of N6, N8, · · · , SUC(3)×SUL(2)×UY (1)-
invariant operators of canonical dimension 6, 8, · · · , and Lorentz tensors of rank 2, 4, · · · , respectively, which couple
to the constant background tensor θαβ . It should be noticed that due to the antisymmetric character of θαβ only the
antisymmetric part of the gauge invariant Lorentz tensors O(6)i αβ , O(8)i αβµν , · · · can contribute. As commented in the
introduction, a CEFT is constructed with nonrenormalizable operators O(n) of dimension n > 4 that are invariant
under both the gauge and the Lorentz groups:
LCEFT = LSM +
∑
n=5
Nn∑
i=1
αni
Λn−4
O(n)i . (2)
It is not difficult to convince ourselves that the symmetric part of the Lorentz tensors appearing in LNCSM , defined
through the contraction with the metric tensor O(6)i = gαβO(6)i αβ , O(8)i = gαβgµνO(8)i αβµν + · · · , are present in the
CEFT, as LCEFT contains all the operators that respect both the gauge and Lorentz symmetries [28]. However, as
already commented, it is important to stress that the contribution to physical observables of the operators appearing
in LCEFT would differ from those in LNCSM , as in the former case only contributes the symmetric part of the O(6)i αβ ,
O(8)i αβµν , · · · Lorentz tensors, whereas in the latter only contributes the antisymmetric part. This point will be clarified
below for the specific case of the Yang-Mills sector.
We now are in position of pointing out the main differences between the SME and the CEFT. Technically, the
difference between the SME and the CEFT is that although both theories are made of gauge invariant operators, they
carry Lorentz indices in the former case but not in the latter. In contrast with the NCSM, all the gauge invariant
operators of the SME that carry an odd number of Lorentz indices cannot be converted in Lorentz scalars through
contractions with the metric tensor and thus no link with the elements of the CEFT can be established. On the
conceptual side, the differences between both type of formulations are even more profound, as the SME represents
a model-independent low-energy formulation of Lorentz violation that incorporates together the SM and general
relativity. On the other hand, the CEFT incorporates also in a model-independent way virtual effects of physics
beyond the electroweak scale, which respects both the Lorentz symmetry and the SM gauge symmetry. Thus, by
construction, the CEFT formulation does not incorporate Lorentz violation.
As already mentioned, we are interested in studying the one-loop contribution of the extended Yang-Mills sector to
the qi → qjγ transition. At first order in bαβ, the extended Lagrangian for the Yang-Mills sector associated with the
SUL(2) group can be written as follows [8]
2
LNCYM = −
1
2
Tr[WµνW
µν ]− igbαβOαβ (3)
where
O(6)αβ = Tr[WαµWβνWµν ]
=
i
4
ǫabcW
a
αµW
b
βνW
cµν . (4)
Here,Wµν = T
aW aµν is the gauge tensor associated with the SUL(2) group. It is worth to comment that the symmetric
part of this Lorentz 2-tensor, namely O(6)S ≡ gαβO(6)αβ , induces the anomalous WWγ vertex that was considered in
references [23–27] in the study of the b → sγ decay. Its phenomenological implications in other contexts have been
studied by diverse authors [30, 31]. In this work, we will study the contribution of the antisymmetric part of this
Lorentz 2-tensor, namely O(6)A ≡ bαβO(6)αβ , to the b→ sγ process. This is the difference between the study given by
1 In this part of our presentation, we will use θαβ instead of bαβ , as it is the notation used in the literature related with the NCSM.
2 The other possible observer invariant bαβTr[WαβWµνW
µν ] vanishes. In fact, W bµνW
cµνTr[σaσbσc] = 2iW bµνW
cµνǫabc = 0.
4Aµ(q)
W+λ (k2) W
−
ρ (k3)
FIG. 1: The trilinear WWγ vertex in presence of the background field bαβ .
the authors of references [23–27] and the one that is presented in this work. From the above expressions, it is easy to
derive the anomalous component of the WWγ coupling, which can be written as
LNCWWγ =
ie
2
bαβ(W−αλW
+
βρF
λρ +W+αλW
−λρFβρ +W
−
βρW
+λρFαλ). (5)
Using the notation and conventions shown in Fig.1, the corresponding vertex function can be written as follows:
Γµλρ(q, k2, k3) =
ie
2
bαβT ηξµ Γαβηξλρ , (6)
where
T ηξµ = q
ξδηµ − qηδξµ (7)
and
Γαβηξλρ(k2, k3) = +(k2βgξλ − k2ξgβλ)(k3αgηρ − k3ηgαρ)
+ gηβ(k2αgσλ − k2σgαλ)(kσ3 gξρ − k3ξδσρ )
+ gηα(k2ξδ
σ
λ − k2σgξλ)(k3βgσρ − k3σgβρ) . (8)
From this expression, it is evident that Γλρµ(q, k2, k3) satisfies the following simple Ward identities:
qµΓλρµ(q, k2, k3) = 0, (9)
kλ2Γλρµ(q, k2, k3) = 0, (10)
kρ3Γλρµ(q, k2, k3) = 0. (11)
The first of this identities guaranties the electromagnetic gauge invariance of the qiqjγ coupling, whereas the last two
are responsible for the gauge independence of this vertex. Electromagnetic gauge invariance means that the photon in
the qiqjγ interaction only can appear through of the Fµν electromagnetic tensor field, which in turns implies that the
vertex function associated with this coupling, Γµ, must satisfies the Ward identity q
µΓµ = 0. On the other hand, the
gauge independence of the qiqjγ coupling means that the vertex function does not depend on the procedure used to
define the propagator of theW gauge boson [30]. These facts are still true in the case of an off-shell qiqjγ coupling. As
we will see below, this transversality of the Γλρµ vertex with respect to the pair of W gauge bosons is also responsible
for the absence of ultraviolet divergences in the qi → qjγ decay.
III. THE qi → qjγ DECAY
We now turn to calculate the one-loop effect of the antisymmetric component of O(6)αβ on the qi → qjγ transition.
This contribution is given through the Feynman diagram shown in Fig. 2. Before presenting our results, let us
to argue why one can expect a gauge independent contribution to the qiqjγ vertex. In first place is the fact that
the O(6)αβ operator is not affected by the gauge-fixing procedure of the dimension-four theory. Also, there are no
contributions from Goldstone bosons, as O(6)αβ does not depend on the mechanism responsible for the electroweak
symmetry breaking. Due to this, all the vertices appearing in the Feynman diagram of Fig. 2 do not depend on
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through their longitudinal components, which however do not contribute due to the simple Ward identities satisfied
by the Γλρµ(k1, k2, k3) vertex. As we will see below, this leads to an amplitude that is free of ultraviolet divergences.
After these considerations, we can write the amplitude for the qi → qjγ process as follows
M = eu(pj , sj)Γµu(pi, si)ǫ∗µ(q, λ) , (12)
where Γµ is the vertex function characterizing the on-shell qiqjγ coupling, which can be written as
Γµ =
g2
4
T ηξµ b
αβ
∑
k
VikV
∗
kj
∫
dDk
(2π)D
Tαβσηµ(k, pi, pj)
[k2 −m2k][(k − pi)2 −m2W ][(k − pj)2 −m2W ]
, (13)
with
Tαβσηµ(k, pi, pj) = PRγ
λ/kγρΓαβηξλρµ(k, pi, pj) . (14)
Here Γαβηξλρµ(k, pi, pj) = Γαβηξλρµ(k2 = −k + pi, k3 = k − pj), Vij are CKM matrix elements, and PR = (1 + γ5)/2.
It should be noticed that electromagnetic gauge invariance is satisfied automatically due to the presence of the T ηξµ
tensor as global factor in the vertex function. The evaluation of the above integral is a nontrivial task due to the
complicated Lorentz structure of the WWγ vertex. However, the calculation can be greatly simplified if we make use
of the antisymmetry of the background tensor field bαβ and also of the T σηµ tensor, which is antisymmetric in the ση
indices. Due to this, only the antisymmetric part in these pairs of indices of the Tαβσηµ(k, pi, pj) tensor can contribute
to the Γµ vertex function. Then, to evaluate Γµ, we have used only the antisymmetric part of Tαβσηµ(k, pi, pj), which
is given by
T asαβσηµ =
1
2
[
1
2
(Tαβσηµ − Tβασηµ)− 1
2
(Tαβησµ − Tβαησµ)
]
. (15)
Once solved the loop integral and contracting the result with the T ηξµ tensor, one finds that the vertex function can
be written in terms of ten Lorentz tensor gauge structures:
Γµ =
iα
8πs2W
10∑
a=1
T aµ , (16)
where sW stands for the sine of the weak angle. In the above expression, the T
a
µ tensors are electromagnetic gauge
structures in the sense that they satisfy the Ward identity qµT aµ = 0. Associate with these gauge structures there
are form factors that quantify their relative importance. We now proceed to present and discuss the main features of
these gauge structures and their associated form factors. We first present the gauge structures of dipolar type, which
are the only present in flavor changing processes mediated by the photon within the context of conventional quantum
field theory. This component of the qi → qjγ transition can be written as follows:
T 1µ = −ibαβ(piαpjβ − piβpjα)
(
mj
m2i −m2j
F 1LPL +
mi
m2j −m2i
F 1RPR
)
σµνq
ν , (17)
where the dimensionless form factors F 1L,R are given by
F 1L =
∑
k
VikV
∗
kj
{
−1
2
−m2WC0 +
1
2
m2W −m2k
m2j
[B0(2)−B0(3)]− 1
2
m2W −m2k +m2i
m2i −m2j
[B0(3)−B0(4)]
}
, (18)
F 1R = F
1
L(i↔ j) . (19)
In the above expression, we have introduced the short-hand notation C0 and B0(i) for the Passarino-Veltman scalar
functions of two and three points that characterize the loop effects. The complete amplitude involves the following
functions:
B0(1) = B0(0,m
2
W ,m
2
W ), (20)
B0(2) = B0(0,m
2
k,m
2
W ), (21)
B0(3) = B0(m
2
i ,m
2
k,m
2
W ), (22)
B0(4) = B0(m
2
j ,m
2
k,m
2
W ), (23)
6C0 = C0(m
2
i ,m
2
j , 0,m
2
W ,m
2
k,m
2
W ) . (24)
It is important to notice that these form factors are free of ultraviolet divergences without invoking the unitary
condition for the CKM matrix
∑
k VikV
∗
kj = δij . Of course, those parts of the form factors which are independent on
the internal quark mass mk do not contribute to the amplitude, but they have been maintained by completeness.
There is another gauge structure of dipolar type given by
T 2µ = −iF 2L bαβ(γαqβ − γβqα)PLσµνqν , (25)
where
F 2L =
∑
k
VikV
∗
kj
{
1
2
m2WC0 +
1
2
m2W −m2k
m2i −m2j
[B0(3)−B0(4)] + 1
2
[
m2i
m2i −m2j
B0(3)−
m2j
m2i −m2j
B0(4)
]}
. (26)
Notice that this form factor is free of ultraviolet divergences only after using the unitarity of the CKM matrix. Also,
it is symmetric under the interchange i↔ j, as must be.
As already mentioned, in conventional quantum field theory the qi → qjγ transition only can occurs through a
gauge structure of dipolar type. However, when the process occurs in presence of the bαβ background field, there is a
significant increase in the number of gauge structures. We now proceed to list these gauge structures together with
their associated form factors:
T 3 = bαβ
(
mj
m2i −m2j
F 3LPL +
mi
m2j −m2i
F 3RPR
)
(γαqβ − γβqα)
(
pi · qγµ − piµ/q
)
, (27)
where
F 3L =
∑
k
VikV
∗
kj
1
4
{
1 + 2m2WC0 −
m2W −m2k
m2j
[B0(2)−B0(4)] + m
2
i +m
2
W −m2k
m2i −m2j
[B0(3)−B0(4)]
}
, (28)
F 3R = F
3
L(i↔ j) , (29)
T 4µ = b
αβ
(
F 4LPL + F
4
RPR
)
[γα(pi · q gβµ − qβpiµ)− γβ(pi · q gαµ − qαpiµ)] (30)
where
F 4L =
∑
k
VikV
∗
kj
1
4
{
mimj
m2i −m2j
[B0(3)−B0(4)]
+
m2W −m2k
mimj
(
m2i
m2i −m2j
[B0(2)−B0(4)]−
m2j
m2i −m2j
[B0(2)−B0(3)]
)}
(31)
F 4R =
∑
k
VikV
∗
kj
{
− 1
6
−m2WC0 +
m2j
m2i −m2j
B0(4) +
m2i
m2j −m2i
B0(3) +
m2W + 3m
2
k
4(m2i −m2j)
[B0(3)−B0(4)]
+
(m2W −m2k)2
4m2im
2
j
(
m2j
m2i −m2j
[B0(2)− B0(3)] + m
2
i
m2j −m2i
[B0(2)−B0(4)]
)}
. (32)
Notice that in this case F 4L and F
4
R are separately symmetric under the interchange i ↔ j. The following gauge
structure is given by
T 5µ = b
αβ
{[
(piβ gαµ − piα gβµ)/q − (piβqα − piαqβ)γµ
] (
F 5iL PL + F
5i
R PR
)
+
[
(pjβ gαµ − pjα gβµ)/q − (pjβqα − pjαqβ)γµ
] (
F 5jL PL + F
5j
R PR
)}
, (33)
7where the F
(5i,5j)
L form factors can be decomposed as follows:
F
(5i,5j)
L = F
(5iS,5jS)
L + F
(5iNS,5jNS)
L , (34)
with S and NS stand for symmetric and nonsymmetric under the interchange i↔ j. These form factors are given by
F 5iSL =
∑
k
VikV
∗
kj
{
5
12
− 1
2
m2WC0 +
1
4(m2i −m2j )2
([
3m2im
2
j +m
2
W (m
2
i +m
2
j)
]
[B0(3) +B0(4)]
+3m2k
[
m2iB0(3) +m
2
jB0(4)
]
+ 3m2W
[
m2jB0(3) +m
2
iB0(4)
])}
, (35)
F 5iNSL =
∑
k
VikV
∗
kj
{
m2k −m2W
4(m2j −m2i )
− m
2
im
2
j −m2k(m2i +m2j) + (m2k −m2W )(m2k + 2m2W )
2(m2i −m2j)
C0
+
m2i +m
2
j − 2(m2k +m2W )
2(m2i −m2j)
B0(1)− (m
2
k −m2W )2
4m2i (m
2
i −m2j)
B0(2)
−
m2i (m
2
i + 6m
2
j)−
(
2− m
2
j
m2
i
)
(m2k −m2W )2
4(m2i −m2j)2
B0(3)
+
m4j − (3m2W +m2k)(m2i +m2j)− 4(m2k +m2W )m2j − (m2W −m2k)2
4(m2i −m2j )2
B0(4)
}
, (36)
F 5jSL =
∑
k
VikV
∗
kj
{
7
12
+
3
2
m2WC0 +
1
(m2i −m2j)2
[
m4iB0(3) +m
4
jB0(4)
]
+
4m2k(m
2
i +m
2
j)−m2im2j
4(m2i −m2j)2
[B0(3) +B0(4)] +
5(m2W −m2k)
4(m2i −m2j)2
[
m2iB0(3) +m
2
jB0(4)
]}
, (37)
F 5jNSL =
∑
k
VikV
∗
kj
{
m2k −m2W
4(m2i −m2j)
+
m2im
2
j −m2k(m2i +m2j) + (m2k −m2W )(m2k + 2m2W )
2(m2i −m2j)
C0
+
m2i +m
2
j − 2(m2k +m2W )
4(m2j −m2i )
B0(1)− (m
2
W −m2k)2
4m2j(m
2
j −m2i )
B0(2)
+
m4i − (m2k + 3m2W )(m2i +m2j)− 4(m2k +m2W )m2i − (m2W −m2k)2
4(m2i −m2j)2
B0(3)
−
m2j(m
2
j + 6m
2
i )−
(
2− m2i
m2
j
)
(m2W −m2k)2
4(m2i −m2j)2
B0(4)
}
. (38)
Notice that F 5iNSL ↔ F 5jNSL under i ↔ j. Also, it is important to notice that F 5iL and F 5jL are free of ultraviolet
divergences only after using
∑
k VikV
∗
kj = δij . The right-handed form factors are simpler,
F 5iR =
∑
k
VikV
∗
kj
{
mimj
4(m2j −m2i )
(
1 + 2m2WC0
)
+
mimj(m
2
j +m
2
W −m2k)
4(m2i −m2j)2
[B0(4)−B0(3)]
−mj(m
2
W −m2k)
4mi(m2j −m2i )
[B0(2)−B0(3)]
}
, (39)
F 5jR = F
5i
R (i↔ j) . (40)
As it is evident, these form factors are free of ultraviolet divergences.
8Other gauge structure is given by
T 6µ = b
αβ(qα gβµ − qβ gαµ)(mjF 6l PL +miF 6RPR) , (41)
where
F 6L =
∑
k
VikV
∗
kj
{
2m2i +m
2
j + 3(m
2
W −m2k)
6(m2j −m2i )
+
[
4m2i +m
2
j + 5(m
2
W −m2j)
]
m2W
m2j −m2i
C0
+
4m2W
m2i −m2j
[B0(1)−B0(3)]−
(m2W −m2k)(2m2j −m2i +m2W −m2k)
2m2j(m
2
j −m2i )
[B0(2)−B0(4)]
−m
2
im
2
j + (m
2
W −m2k)2 + (m2i −m2j)(9m2W −m2k)
2(m2i −m2j )2
[B0(3)−B0(4)]− 1
2
B0(4)
}
, (42)
F 6R = F
6
L(i↔ j) . (43)
These form factors are finite only after using the
∑
k VikV
∗
kj = δij relation, which is evident from the presence of the
B0(4) scalar function at the end of the expression for F
6
L.
The remaining four gauge structures are more complicated. To simplify the notation, it is convenient to introduce
the following definitions:
T iαβµ = (piαqβ − piβqα)piµ − (piα gβµ − piβ gαµ)pi · q (44)
T jαβµ = (pjαqβ − pjβqα)pjµ − (pjα gβµ − pjβ gαµ)pj · q (45)
T ijαβµ = (piαqβ − piβqα)pjµ − (piα gβµ − piβ gαµ)pj · q (46)
T jiαβµ = (pjαqβ − pjβqα)piµ − (pjα gβµ − pjβ gαµ)pi · q . (47)
In terms of these tensor structures, one can write
T 7µ = b
αβ
(
mj
m2j −m2i
F 7LPLT
i
αβµ +
mi
m2i −m2j
F 7RPRT
j
αβµ
)
, (48)
where
F 7L =
∑
k
VikV
∗
kj
{
1
6(m2j −m2i )2
{
(m2i +m
2
j)
2 + 20m2im
2
j + 6m
4
j + 6(m
2
W −m2k)(2m2i + 3m2j)
]
+
1
(m2j −m2i )2
[
m2im
2
j(m
2
i + 2m
2
j) +m
2
j
(
(m2W +m
2
k)
2 +m2Wm
2
j
)
+ (m2W −m2k)
(
m2i (m
2
i + 2m
2
j)
+2m2j(m
2
j + 2m
2
i ) + 6m
2
W (m
2
i + 2m
2
j) + 4(m
2
W −m2k)(m2i +m2j) + 3(m2W −m2k)2
)
+m2W
(
m2i (m
2
i + 12m
2
j) + 4m
2
j(m
2
j −m2k)
) ]
C0
− 1
2(m2j −m2i )2
[
m2j (m
2
j + 5m
2
i ) + (m
2
W −m2k)
(
7m2j + 5m
2
i + 6(m
2
W −m2k)
)
+4m2W (m
2
i + 3m
2
j)
]
[B0(1)−B0(3)]
− m
2
W −m2k
2m2i (m
2
j −m2i )2
[
m2i (3m
2
i + 7m
2
j) + (m
2
W −m2k)(9m2i +m2j )
]
[B0(2)−B0(4)]
− 1
2m2i (m
2
j −m2i )3
[
m2im
2
j
(
m4i +m
4
j + 4m
2
i (m
2
i + 4m
2
j) + 16m
2
W (m
2
i +m
2
j )
)
+(m2W −m2k)
(
m2i
(
4(m4i +m
4
j) + 6m
2
j(m
2
j + 5m
2
i )
)
+(m2W −m2k)
(−m4i −m4j + 12m2i (m2i +m2j))
)]
[B0(3)−B0(4)]
}
(49)
F 7R = F
7
L(i↔ j) . (50)
9T 8µ = b
αβ
(
mj
m2j −m2i
F 8LPLT
j
αβµ +
mi
m2i −m2j
F 8RPRT
i
αβµ
)
, (51)
where
F 8L =
∑
k
VikV
∗
kj
{
1
6m2j(m
2
j −m2i )2
[
m2j(19m
4
i + 10m
2
im
2
j +m
4
j) + 3(m
2
W −m2k)(m4j −m4i + 10m2im2j)
]
+
3
(m2j −m2i )2
[
m2i
(
m2im
2
j + 2m
2
W (2m
2
i −m2j )
)
−m4i (m2k −m2W )
−(m2W −m2k)
(
6m2Wm
2
i + (m
2
W −m2k +m2j)(m2W −m2k + 2m2i )
)]
C0
− 1
2m2j(m
2
j −m2i )2
[
m2j
(
2m2i (m
2
i + 2m
2
j) +m
2
j(m
2
i −m2j)
)
+ 2m2W (m
4
i −m4j + 8m2im2j)
+3(m2W −m2k)m2j
(
3m2i +m
2
j + 2(m
2
W −m2k)
)]
[B0((1)−B0(3)]
− m
2
W −m2k
2m4j(m
2
j −m2i )2
[
m2j(2m
4
i +m
4
j + 7m
2
im
2
j)
+(m2W −m2k)
(
5m2j(m
2
j +m
2
i ) + 2m
2
i (m
2
j −m2i )
)]
[B0(2)−B0(4)]
+
1
2m2j(m
2
j −m2i )3
[
m2j
(
m2j(m
4
j −m4i )− 2m4i (m2i +m2j )− 6m2im2j(m2j + 2m2i )
)
+2m2W
(
m6i − 9m2im2j(m2i +m2j) +m6j
)
− (m2W −m2k)m2j
(
17m4i + 24m
2
im
2
j + 3m
4
j
+2(3m2j + 8m
2
i )(m
2
W −m2k)
)]
[B0(3)−B0(4)]
}
, (52)
F 8R = F
8(i↔ j) . (53)
T 9µ = b
αβ
(
mj
m2j −m2i
F 9LPL +
mi
m2i −m2j
F 9RPR
)
T ijαβµ , (54)
where
F 9L =
∑
k
VikV
∗
kj
{
− 1
6(m2j −m2i )2
[
7m4i + 22m
2
im
2
j +m
4
j + 6(m
2
W −m2k)(3m2i + 2m2j)
]
− 1
(m2j −m2i )2
[
m2im
2
j(m
2
j + 2m
2
i ) +m
2
W (5m
4
i + 12m
2
im
2
j +m
4
j) + (m
2
W −m2k)
(
2m4i + 6m
2
im
2
j
+m4j + 6m
2
W (m
2
j + 2m
2
i ) + (m
2
W −m2k)
(
5m2i + 4m
2
j + 3(m
2
W −m2k)
))]
C0
+
1
(m2j −m2i )2
[
m2i (m
2
i + 5m
2
j) + 4m
2
W (m
2
j + 3m
2
i ) + (m
2
W −m2k)
(
7m2i + 5m
2
j
+6(m2W −m2k)
)]
[B0(1)−B0(3)]
+
m2W −m2k
2m2j(m
2
j −m2i )2
[
m2j(3m
2
j + 7m
2
i ) + (m
2
W −m2k)(m2i + 9m2j)
]
[B0(2)−B0(4)]
+
1
(m2j −m2i )3
[
m2im
2
j(6m
2
i + 5m
2
j) + 2m
2
W
(
m2i (m
2
i + 3m
2
j) +m
2
j(m
2
j + 3m
2
i )
)
+(m2W −m2k)
(
5m2i (m
2
i +m
2
j) + 3m
2
j(m
2
j + 3m
2
i ) + (m
2
W −m2k)(7m2i + 4m2j)
)]
[B0(3)−B0(4)]
}
, (55)
F 9R = F
9
L(i↔ j) . (56)
10
Aµ(q)
qi(pi) qj(pj)
W (k − pi)
qk(k)
W (k − pj)
FIG. 2: Feynman diagram contributing to the flavor violating quark transition qi → qjγ in the presence of the background field
bαβ.
T 10µ = b
αβ
(
mj
m2j −m2i
F 10L PL +
mi
m2i −m2j
F 10R PR
)
T jiαβµ , (57)
where
F 10L =
∑
k
VikV
∗
kj
{
− 1
(m2j −m2i )2
[
5m2i (m
2
i +m
2
j) +m
2
j(3m
2
i + 2m
2
j) + 3(m
2
W −m2k)(3m2i + 2m2j)
]
− 1
(m2j −m2i )2
[
m2im
2
j(m
2
j + 2m
2
i ) + 2m
2
W
(
rm2i (m
2
i +m
2
j) +m
2
j(2m
2
i +m
2
j)
)
+(m2W −m2k)
(
m4j + 6m
2
W (m
2
j + 2m
2
i ) + (m
2
W −m2k)[5m2i + 4m2j + 3(m2W −m2k)]
)
−2m2i
(
m2i (m
2
k − 3m2W ) +m2j(3m2k − 5m2W )
) ]
C0
+
1
2(m2j −m2i )2
[
m2i (m
2
i + 5m
2
j) + 4m
2
W (3m
2
i +m
2
j)
+(m2W −m2k)
(
7m2i + 5m
2
j + 6(m
2
W −m2k)
)]
[B0(1)−B0(3)]
− m
2
W −m2k
2m2j(m
2
j −m2i )2
[
(m2i +m
2
j )(m
2
i + 4m
2
j) + (m
2
W −m2k)(m2i + 9m2j)
]
[B0(2)−B0(4)]
+
1
2(m2j −m2i )3
[
m2i (m
4
i +m
4
j ) + 10m
2
im
2
j(m
2
i +m
2
j) + 4m
2
W
(
m2i (m
2
i + 3m
2
j) +m
2
j (m
2
j + 3m
2
i )
)
+(m2W −m2k)
(
m4i +m
4
j + 10m
2
i (m
2
i + 2m
2
j) + 6m
2
j(m
2
i +m
2
j)
+2(m2W −m2k)(7m2i + 4m2j)
)]
[B0(3)−B0(4)]
}
, (58)
F 10R = F
10
L (i↔ j) . (59)
IV. BOUNDING ΛNC FROM B → sγ
As commented in the introduction, the B → Xsγ process is particularly sensitive to new physics effects. It results
that the GIM cancelation, which is present in all flavor changing neutral current processes, is less severe in this case
due to the large top quark mass. At the leading order (LO) in QCD, the b− s transition is described via an operator
product expansion based on the effective Hamiltonian
Heff = −4GF√
2
V ∗tsVtb
8∑
i=1
Ci(µ)Oi(µ), (60)
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where the Wilson coefficients Ci(µ) are evolved from the electroweak scale down to µ = mb by the Renormalization
Group Equations. The Oi constitute a set of eight renormalized dimension-six operators [32]. From these, the O1−6
represent interactions among four light quarks, which are not of interest for our purposes. The remainder operators
O7 and O8 parametrize the electromagnetic dipolar transition and the analogous strong dipolar transition, whose
contributions to the b→ sγ and b→ sg transitions are dominated by one-loop effects of the t quark and the W gauge
boson. The corresponding amplitudes can be written as follows:
MSM (b→ sγ) = −VtbV ∗ts
α
3
2
8
√
πs2Wm
2
W
C7(µ)s¯(ps)σµνǫ
∗µ(q, λ)qν (msPL +mbPR)b(pb) , (61)
MSM (b→ sg) = −VtbV ∗ts
√
αsα
8
√
πs2Wm
2
W
C8(µ)s¯(ps)σµνǫ
∗µ
a (q, λ)q
νT a(msPL +mbPR)b(pb), (62)
where ǫµ(q, λ) and ǫµa(q, λ) are the polarization vectors of the photon and gluon, respectively. Here, T
a are the
generators of the SUC(3) group, which are normalized as Tr(T
aT b) = δab/2, and αs is the strong coupling constant.
In our case, the new physics effects associated with the violation of the Lorentz symmetry only contribute to the
electromagnetic dipolar transition. According to the results presented in the previous section, the gauge structures T 1µ
and T 2µ are of dipolar type. As we will show below, the background field tensor b
αβ couples to the relevant kinematic
variables of the process in a simple way. Accordingly, we write the new physics contribution of dipolar type as follows:
MNP (b→ sγ) = α
3
2
2
√
πs2W
s¯(ps)
[
pbαb
αβpsβ
(
ms
m2b −m2s
F 1LPL +
mb
m2s −m2b
F 1RPR
)
+ γαb
αβqβF
2
LPL
]
σµνq
νǫ∗µ(q, λ)b(pb).
(63)
In the context of the effective theory that we are considering, the total theoretical contribution to the b− s transition
is given by the sum of the SM contribution and the new physics effects induced by the anomalous WWγ vertex:
MT =MSM +MNP . (64)
However, due to the fact that it is reasonable to assume that the new physics effects is suppressed with respect to the
SM contribution, we will focus on the interference term. From the Dirac structures of the two types of contributions,
one can see that there is no interference between the SM amplitude and the new physics one characterized by the T 2µ
gauge structure. So it will be ignored in the following. Our main objective in this section is to get a bound for the
ΛNC scale. We will follow closely the analysis given in Ref. [20]. The discrepancy between the theoretical prediction
within the SM and the experimental measurement can be quantified via the following ratio:
REXP−SM ≡ ΓEXP − ΓSM
ΓSM
=
BrEXP (B → Xsγ)
BrSM (B → Xsγ) − 1, (65)
where ΓEXP is the experimental decay width of the B → Xsγ transition and ΓSM is the corresponding theoretical
prediction of the SM. In addition, BrEXP and BrSM are the respective branching ratios. The current experimental
value which is given by the Heavy Flavor Averaging Group (HFAG) [33] along with the BABAR, Belle and CLEO
experimental results is Br(B → Xsγ) = (3.52 ± 0.23 ± 0.09) × 10−4 for a photon energy Eγ > 1.6 GeV. On the
theoretical side, the SM prediction at the next to next leading order is Br(B → Xsγ) = (3.15 ± 0.23) × 10−4 for
Eγ > 1.6 GeV [34]. Using these results, it is found that the discrepancy between theory and experiment is given by
REXP−SM = 0·117 ± 0·113 [20]. To constraint the ΛNC scale, we will assume that the total theoretical prediction,
i.e., the SM prediction plus the anomalous WWγ vertex contribution, coincides with the experimental value. Thus,
we define the ratio
RTOT−SM ≡ ΓSM+NP − ΓSM
ΓSM
=
BrSM+NP
BrSM
− 1, (66)
which quantifies the theoretical discrepancy between the effective theory prediction (SM plus new physics effects)
and the SM prediction. We now demand that RTOT−SM ≈ REXP−SM , which allows us to obtain a bound for ΛNC .
Before doing this, some extra considerations are required. Working out at the LO, which is sufficient for our purposes,
the SM QCD corrected contribution can be written as follows:
MSM (b→ sγ) = −VtbV ∗ts
α
3
2
8
√
πs2Wm
2
W
Ceff7 (mb)s¯(ps)σµνǫ
∗µ(q, λ)qν (msPL +mbPR)b(pb) , (67)
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where Ceff7 (mb) = 0.689C7(mW ) + 0.087C8(mW ) is the effective Wilson coefficient at the mb scale [35]. Similarly,
the corresponding new physics approximated contribution can be written as follows:
MNP (b→ sγ) = α
3
2
2
√
πs2W
CNP s¯(ps)b
αβ
(
pbαpsβ
ms
m2b −m2s
F 1LPL
+ pbαpsβ
mb
m2s −m2b
F 1RPR
)
σµνq
νǫ∗µ(q, λ)b(pb), (68)
where CNP = 0.689 + 0.087/Qe and Qe is the electric charge of the electron.
Once squared the total amplitude and used the assumption RTOT−SM ≈ REXP−SM , one obtains the constraint
pbαb
αβpsβ < 2.3× 10−6 . (69)
On the other hand, the background field bαβ affects the kinematics of the process as follows:
pbαb
αβpsβ =
1
Λ2LV
(
Eb e · ps − Es e · pb + b · (pb × ps)
)
, (70)
where Eb and Es are the energies of the b and s quarks. In the rest frame of the b quark, the above expression takes
the simple form
pbαb
αβpsβ =
1
2
( mb
ΛLV
)2(
1− m
2
s
m2b
)
e cosχ (71)
where χ is the angle formed by the ps and e vectors, whereas e represents the magnitude of the electric-like constant
e fields. It is interesting to notice that the background bαβ field naturally links the relevant scale of the process mb
with the new physics scale ΛLV . Assuming that e cosχ ∼ 1, we obtain
ΛLV > 1.96 TeV. (72)
It is worth comparing our bounds for the Lorentz violation scale with those obtained in the context of the NCSM.
The best place to look for signals of space-time noncommutativity experimentally is in strictly forbidden processes, as
the Z → γγ decay [36]. The experimental limit on this decay has been used to impose the constraint ΛNC > 1 TeV [37]
on the noncommutativity scale3. Quarkonia decay modes into two photons, which also are strictly forbidden in the SM,
have been proposed as a possible signature of space-time noncommutativity, allowing to estimate a ΛNC in the range
0.5 − 1 TeV [38]. On the other hand, the bound ΛNC > 80 GeV was derived from astrophysical considerations [39].
More recently, the bound ΛNC > 3 TeV was obtained with primordial nucleosynthesis [40]. Stronger bounds for the
noncommutativity scale have been derived in other contexts [9, 41]. See however reference [42].
V. CONCLUSIONS
The presence of preferred directions in space is an unmistakeable sign of the Lorentz symmetry violation. In
this work, some phenomenological implications of a constant antisymmetric tensor field bαβ , which can arise from
general relativity with spontaneous symmetry breaking or from field theories formulated in a noncommutative space
time, were studied. The gauge and Lorentz structure of the coupling of this background field with a dimension-six
SUL(2)-invariant and Lorentz 2-tensor Oαβ operator were analyzed. The one loop implications of the trilinear WWγ
vertex that arises from this extended SUL(2) Yang-Mills sector on the flavor changing electromagnetic quark transition
qi → qjγ were studied. Exact analytical expressions for this process were derived. It was found that the corresponding
vertex function is characterized by ten electromagnetic gauge structures, which are gauge independent and free of
ultraviolet divergences. The phenomenological implications at low energies were studied by applying this general
result to the b→ sγ decay. Current experimental data on this process were used to derive the bound ΛLV > 1.96 TeV
on the Lorentz violation scale. This bound is more stringent than those derived in the context of the noncommutative
standard model from some forbidden processes and similar to the one derived recently in the same context from a
primordial nucleosynthesis.
3 Here, we will use the notation ΛNC instead of ΛLV , as it is the one used in the context of noncommutative theories.
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